Preparation of Neocarzinostatin Apoprotein Mutants and the Randomized Library on the Chromophore-Binding Cavity
amino acid and using a two stage-megaprimer PCR site-directed mutagenesis as described before 10) using several primer sets. The forward primer is RSETA-F (5Ј-cgc gaa att aat acg act cac-3Ј), the reverse primer is RSETA-R (5Ј-gtt tag agg ccc caa ggg gtt atg-3Ј). The mutated primers used were W39F (5Ј-gcc agt gcg cat ttg tgg ata cgg gcg tgc tgg cat gta a-3Ј), F52Y (5Ј-tgg cat gta acc cgg cgg att ata gca gcg tga ccg cgg a-3Ј), S98G (5Ј-gcc agg tgg gcc tgg gtg atg cgg c-3Ј), S98A (5Ј-gcc agg tgg gcc tgg ctg atg cgg c-3Ј), S98T (5Ј-gcc agg tgg gcc tga ctg atg cgg c-3Ј), and S98C (5Ј-gcc agg tgg gcc tgt gcg atg cgg c-3Ј). Each point mutation was identified by DNA sequencing analyses with Long-Read Tower DNA sequencer (Amersham Bioscience) or CEQ8000 DNA sequencer (Beckman Coulter). Recombinant apo-NCS proteins were produced in Escherichia coli BL21(DE3) · pLysS (Stratagene) with pRSET A DNA (Invitrogen) and purified as described previously. 10) Protein concentrations were determined using BCA protein assay reagent with attached bovine serum albumin (Pierce, Rockford, IL, U.S.A.).
Physicochemical Properties Circular dichroism (CD) spectra were recorded from 185 to 250 nm on a CD instrument (JASCO J-805 spectropolarimeter) in a quartz cell of 0.5 mm path length holder with constant N 2 flushing of 10 l/min. The ellipticity, q(l ) was recorded using a bandwidth of 1.0 nm and a respond time of 1 s at a scan rate of 100 nm/min at 20°C with a thermostatically controlled cell. Five measurements were performed for each sample and averaged, and all spectra were corrected by subtraction of a blank buffer. Molar ellipticity was determined by the following equation with the concentration c and the path length l:
13) The secondary structure analysis was performed using the attached program for protein secondary structure analysis on JASCO J-800 for Windows (JASCO) with reference of Yang et al. 14) Ethidium bromide (EtdBr) binding to the recombinant apo-NCS was studied by fluorescence polarization with a Beacon 2000 fluorescence polarization system (PanVera) by monitoring the fluorescence polarization (mPU) of an EtdBr solution (l ex ϭ488 nm, l ex ϭ617 nm) as a function of the recombinant apo-NCS concentration at 25°C. 10) Briefly, 120 ml of a reaction mixture containing 20 ml of BEACON TM BGG/phosphate buffer (pH 7.4; PanVera) and the purified recombinant apo-NCS at various concentrations was prepared in a disposable borosilicate glass tube. After measuring the background intensity, EtdBr was added to a final concentration of 0.53 mM. After 10 min equilibration at 25°C, fluorescence polarization (FP) and total fluorescence intensity (IT) were measured in the three-cycle mode. Data were analyzed by using the sigmoidal dose-response model of non-linear regression in GraphPad Prism Ver 4.0a for Macintosh (GraphPad Software).
Construction of Libraries and Phage-Displayed Selection With GA-BSA The randomized library originated from the apo-NCS was amplified by megaprimer PCR 15) and overlap extension PCR [16] [17] [18] with dam methylase methylation/DpnI digestion, 19) and subcloned into the BglII and KpnI site of the pJuFo DNA to allow phage display selection. 20) Randomized residues were total 14 amino acids. The mutated primer used for region A (Pro ). The forward primer is RSETA-F (5Ј-cgc gaa att aat acg act cac-3Ј), the reverse primer is RSETA-R (5Ј-gtt tag agg ccc caa ggg gtt atg-3Ј). The pR49 DNA was used as the PCR template. 10) Final randomized PCR fragments were inserted into pDrive (QIAGEN) with T4 DNA ligase (New England Biolabs). After aimed mutations were confirmed by DNA sequencing, randomized fragments originated from apo-NCS on pDrive DNA were cut with BamHI and KpnI, separated, excised, purified from the agarose gel, and ligated into pJuFo that had been digested with BglII and KpnI. The ligation products were electroporated into the E. coli XL-1 Blue (Stratagene). The phage-displayed libraries were panned using ELISA plate which coated with glycyl glycyrrhetic acid (GA) conjugated BSA (0.1-1 mg/well). 21) Phage ELISA was performed as described before.
22) RESULTS

Preparation and Purification of the Mutants of Apo-NCS
The two-stage megaprimer PCR site-directed mutagenesis method was carried out to prepare the desired single site-specific mutated recombinant apo-NCS mutant, and evaluated the contribution of the amino acid side chain on the apo-NCS to the binding with the artificial chromophore. The each single-site specific mutated DNA fragment was cloned into the pGEM-T easy DNA, and W39F, F52Y, S98G, S98A, and S98C DNA fragments were obtained after the inserted DNA had been confirmed by DNA sequencing. Each mutated fragments was re-cloned into the E. coli expression vector pRSET A with the BamHI/KpnI cloning sites. The expression vectors p3S38/pRSET A (W39F), p3S34/pRSET A (F52Y), p4S22/pRSET A (S98G), p4S26/pRSET A (S98A), and p4S30/pRSET A (S98C) were successfully constructed. In these construct, the each coding gene of the mature part of apo-NCS with desired mutation is fused to the 6ϫHis tag and enterokinase cleavage site under the T7 RNA polymerase promoter. E. coli BL21(DE3) · pLysS was transformed with the expression vectors for the expression, respectively. The yields of the each protein from 400 ml cultures was 0.45 mg/3.7 g of E. coli for W39F (P3S38), 0.8 mg/4.0 g of E. coli for F52Y (P3S34), 0.40 mg/1.3 g of E. coli for S98G (P4S22), 1.56 mg/1.4 g of E. coli for S98A (P4S26), 2.17 mg/1.3 g of E. coli for S98C (P4S30). SDS-PAGE analyses revealed only single band with approximately same electrophoretic mobility for the mutant proteins (data not shown).
CD Spectra Comparison between Recombinant Apo-NCS (1R49, WT) and Derivatives CD is an important method of determining the second structure features of a protein in solution. At first, we measured the recombinant apo-NCS (1R49, WT), which has the N-terminal extra-sequence of DRWGS originated from a vector. As shown in Fig. 1 , the mean molar ellipticity curve for 1R49 was determined from five different concentrations. The CD spectra of 1R49 had a characteristic signal with two maxima (between 190 and 205 nm, 210 and 230 nm) and a minimum at 210 nm as reported as the other recombinant apo-NCS proteins and the wild type. 11, 12, [23] [24] [25] implying that the backbone conformation of 1R49 was correct. In order to evaluate the overall structure of the mutants by comparing the CD spectra of the 1R49, the CD spectra of them (F78W, F52Y, W39F, S98A, and S98C) also were recorded under the same conditions. The CD spectra were superimposable with that of 1R49 (Fig. 2) , although the minor spectral change seems to be in the ellipticity of W39F near 200 to 220 nm. The results suggested that positions 52, 78, and 98 do not play a major role in the inducing overall structural changes of the protein. Conversely, the position 39 would be affected slightly.
Ethidium Bromide Binding to Mutants
The change in the total fluorescence intensity (TFI) and the fluorescence polarization (FP) were figured as a function of added total recombinant protein (wild, W39F, F52Y, S98G, S98A, and S98C) as described before 10) (data not shown), and then the maximum change of fluorescence (DIT max ), the maximum change of FP (DFP max ), the observed dissociation constant (K d ) were determined, respectively ( Table 1 ). The observed K d value between EtdBr and the each apo-NCS mutant in the FP study was 4.4 mM for wild type, 1.3 mM for S98G, 2.2 mM for S98A, 9.7 mM for S98C (Table 2) . When S98G, the DIT max was increased to be 145. The increased DIT max value indicates the environmental change of the bound EtdBr, such as the packing state of EtdBr in apo-NCS. These suggested that the EtdBr binding of S98G was obviously improved compared with the wild type. 26, 27) were designed as randomly substituted amino acids, drastically, to create of a new binding functional protein. The randomized library was constructed on pDrive DNA at first using megaprimer PCR mutagenesis and overlap extension PCR mutagenesis with dam methylase/DpnI method. 15) Several clones were randomly sequenced, and showed the variability in the region A, B, and C. Then, we obtained approximately 10 8 independent clones of libraries. The randomized cassettes (BamHI/KpnI short fragments) transferred into the BglII/KpnI site of pJuFo phage display expression vector as described before.
10) The resulting fos-fused randomized NCS apoprotein library (titer, 10 12 CFU/ml) associated with Jun-decorated phage particles was incubated with a plate coated with target.
Glycyl glycyrrhetic acid (GA) conjugated BSA was chosen as the "target" model molecule. After five rounds of panning procedures, 120 phages were randomly picked and evaluated the reactivates with GA-BSA by phage ELISA. The five clones (C5-32, C5-37, C5-38, C5-41, and C5-54) reacted with GA-BSA were subjected to DNA sequence analyses and predicted their amino acid sequences (Table 3) The circular dichroism data on various concentrations of wild-type apo-NCS were blank corrected and calculated the mean residue molar ellipticity.
Fig. 2. Comparison of Circular Dichroism Spectra of Wild-Type Apo-NCS and Mutants under the Same Experimental Conditions
The circular dichroism data were blank corrected. Wild-type (squares), F78W (down-triangles), F52Y (up-triangles), W39F (solid down-triangles), S98A (diamonds), and S98C (circles). to the GA-BSA reactive apo-NCS derived protein, the pRSET A derived expression vectors (C5-32E, C5-37E, C5-41E, and C5-54E) were prepared from pJuFo clones (C5-32, C5-37, C5-41, and C5-54) as described before. 10) Proteins (C5-32, C5-37, C5-41, and C5-54) were partially purified and investigated the EtdBr binding (Tables 4, 5, and 6). As shown in Table 4 , the DFP max and DIT max values were calculated. These results indicated that each mutant protein could associate with EtdBr. Each DFP max values seemed to be higher than that for apo-NCS protein (1R49), and the DIT max value for the C5-37 was 2.5 times that of 1R49. As shown in Table 5 , the observed equilibrium dissociation constant in the FP study were calculated to be 13.3 mM for the C5-32, 14.0 mM for the C5-37, 15.4 mM for the C5-41, and 12.5 mM for the C5-54, respectively. As shown in Table 6 , the observed equilibrium dissociation constant in the IT study were calculated to be 25.4 mM for the C5-32, 329 mM for the C5-37, 68.2 mM for the C5-41, and 21.2 mM for the C5-54, respectively. When the data on the total fluorescence intensity experiment for C5-37 was analyzed using the two-site binding model program of non-linear regression in GraphPad Prism software, the maximal response 1 (IT max 1) and the concentration of ligand required to reach half-maximal response (K d 1) were 56.9 and 1.1 nM, and IT max 2 and K d 2 were 299 and 357 mM. This suggests that EtdBr will bind C5-37 on quickly with solvent-exposing condition, and then be packed slowly.
DISCUSSION
In this paper, the effect of single amino acid substitution on affinity of mutants and preparation of the randomized libraries derived from apo-NCS were reported.
The single substitution (F78W, F52Y, S98G, S98A, and S98C) of the NCS-chr binding cavity did not change the overall structural features of the apo-NCS because the CD spectra of the mutant proteins are superimposable to that of the WT protein (1R49). The Phe 78 of apo-NCS closely associate with the amino-sugar of NCS-chr and has a rigid conformation in the complex in the aqueous solution. 28) So, the slight decrease in affinity for F78W to EtdBr in previous our report should be related to a local steric hindrance induced by mutation, not protein stabilization. 10) The binding properties of a chromophore mimic EtdBr to newly prepared mutants were evaluated by the changes in total fluorescence intensity and fluorescence polarization. 10) When looking at the S98G and S98A, the slight increase in affinity was observed, while the slight decrease in S98C. Because position 98 of the apo-NCS is located at the entrance of the chromophore-binding cavity, EtdBr could easily introduced into the cavity by the substituting to smaller amino acid. These suggested that amino acid substitution would be to have some improvement for affinity and also change bind- P49  A50  D51  F52  F76  L77  F78  D79  G80  Q94  V95  G96  L97  S98   1R49  CCG  GCG  GAT  TTT  TTT  CTG  TTT  GAT  GGC  CAG  GTG  GGC  CTG  AGC  (WT)  C5-32  CGG  CGC  TAT  GAA  TTT  CTG  TTT  GAT  GGC  CAG  GTG  GGC  CTG 
. * * * * * ing-specificity. In order to let apo-NCS have new functions for the capturing a small molecule unrelated to the neocarzinostatin, randomized library on the binding cavity was prepared. Regions A49-52, B76-80, and C94-98 were selected for the randomization. In preparation of randomized library, steps of methylation with dam methylase and DpnI digestion was effective to reduce contamination of the template DNA derived from PCR protocol. The library was constructed on the phage display type vector pJuFo successfully to achieve biopanning selection. Next, we choose GA-BSA as a "target" model molecule in a pilot experiment. GA is aglicon of glycyrrhizin and widely used as the food additives and pharmaceutical additives. Recently, it was reported that several GA derivatives had the inhibitory potential on tyrosinase activity for skin whitening. 29) Analysis of clones could provide useful information for the valuable structure against GA by comparing with our monoclonal antibody, AGA-1. 21) Although more detail investigation still needs, clones bound GA-BSA could enrich by phage display panning procedure. We are going to pick more responsible clones against GA-BSA and compare with the structure of AGA-1.
Heyd et al. also succeeded to create new protein scaffold candidate bound testosterone from apo-NCS. 9) Nicaise et al. reported the affinity transfer from antibody to apo-NCS by the CDR3 grafting of the VHH chain of camel anti-lysozyme antibody. Thus, apo-NCS randomized library would be one of most promising resource for newly caged protein.
Protein engineering has unlimited potential as to significant advances in sciences, medicine and industry. 30) One of the major goals of such approaches is the design, modification and production of proteins with improved protein properties, such as molecular recognition, stability, safety, etc., that have new functions not found in nature.
10) The ability to tailor-make a protein with a predetermined function and structure is the ultimate dream.
